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Les modèles hydrologiques conceptuels sont un outil utile pour la gestion de l’eau. De nombreux 
modèles hydrologiques conceptuels sont disponibles, mais peu d’études ont porté sur le choix d’un 
modèle approprié pour un objectif donné. Cet article étudie l’impact des objectifs de modélisation sur 
la sélection d’un modèle. Une méthodologie est proposée pour faciliter le choix du modèle. Un modèle 
hydrologique est calé avec un certain objectif et le critère d’information d’Akaike est utilisé pour 
identifier un modèle parcimonieux équilibrant la précision du modèle et son niveau de complexité. Un 
petit bassin versant urbain est étudié. Les paramètres calés optimisés varient en fonction des 
événements pluvieux car le modèle conceptuel, qui simplifie les mécanismes physiques, doit s’adapter 
aux différentes conditions du bassin versant. Le modèle le plus approprié dépend de l’objectif visé 
puisque des objectifs différents mettent l’accent sur différents aspects d’un même hydrogramme. Un 
objectif de calage doit donc être judicieusement choisi pour chaque objectif de modélisation.  
 
ABSTRACT 
Conceptual hydrological models are a useful tool in water management. While a variety of conceptual 
hydrological models are available, limited studies have been focused on the selection of an 
appropriate model to a certain modeling aim. This paper studies the impact of modeling objectives on 
model selection results. A methodology is proposed to aid model selection. A hydrological model is 
calibrated with a certain objective and the Akaike Information Criterion is used to identify a 
parsimonious model that balances model accuracy and complexity. A small urban catchment is 
studied using an event-based approach. Optimised model parameters tend to be event-dependent 
because the conceptual model simplifying the physical phenomena has to adjust itself to different 
conditions of the catchment. The most appropriate model structure is objective dependent because 
different calibration objectives highlight different parts of a hydrograph and a proper model structure 
alters according to an objective. Henceforth a calibration objective should be carefully chosen to reflect 
the aim of a modeling practice. 
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1 INTRODUCTION 
Conceptual hydrological models are a useful tool in the water management field. Conceptual models 
are generally based on lumped representations of rainfall runoff processes. Many parameters in such 
models are hardly obtained by measurements hence calibration is an indispensable process to 
determine values of model parameters by letting the model simulate the hydrological behavior of a 
catchment as closely as possible. Due to uncertainty in measured data and in simplifications and 
errors inherent in a model, it is impossible to have a model that can exactly redisplay the hydrological 
behavior of a catchment as observed. The simulation performance of a model usually depends on a 
calibration objective. A most frequently used objective is to minimize the sum of squared errors (SSE). 
Other common objectives include minimization of mean cumulative errors and average absolute 
errors, maximization of correlation coefficient, etc. The selection of a performance measure should be 
based on many factors, such as knowledge of errors involved in the modeling process or arbitrary 
judgment related to modeling aims (Gupta et al. 1998). Various calibration objectives put emphasis on 
different parts of a hydrograph.  
While a variety of conceptual hydrological models are available to simulate rainfall runoff processes, 
limited studies have been focused on the selection of an appropriate model to a certain modeling aim. 
A very common approach in practice is to directly use a model because of its availability or by users’ 
preference and no comparison between possible models is performed. This study addresses model 
selection according to different modeling objectives. A method is developed to help select an 
appropriate model structure with a specific objective and is applied to a small urban catchment using 
an event based approach. The impact of model objectives on model selection is studied.  
2 METHODOLOGY 
2.1 Model structures 
Most urban conceptual hydrological models at event scale consist of two parts: a rainfall loss model to 
obtain net rainfall from crude rainfall and a routing function to convert net rainfall to runoff. The crude 
rainfall is transformed to net rainfall after rainfall loss deduction. Two possibilities are studied for 
rainfall loss modeling: 1) combined rainfall loss with an initial loss L0 (mm) and a proportional 
continuous loss by parameter pcons (-), and 2) decreasing rainfall loss over time using the Horton 
formula with parameters of final and initial water loss capacity (mm/h) Pc and P0 and an empirical 
parameter k (min-1). The net rain is transformed to inflow into reservoir models with a lag time Tlag 
(min). The routing function for converting net rain to runoff is modeled with three possibilities: one 
linear reservoir (reservoir constant K1, min), two cascaded linear reservoirs (with the same constant 
K1) and three linear reservoirs with two cascaded ones and the other (with constant K3) in parallel. In 
case of three reservoirs, the parameter P is the fraction of total runoff entering the two cascaded 
reservoirs while the fraction (1-P) enters the third parallel reservoir. A baseflow q (L/s) accounting for 
dry weather flow is added on the outflow from the reservoirs. The two possibilities of rainfall loss 
models are respectively coupled with the three possible routing functions. In total six models are 
formulated and they will be used for studying the problem of model selection. They differ in model 
structures and have different numbers of model parameters. Main information on these six models is 
summarized in Table 1. 
Table 1. Conceptual hydrological models for studying model selection 
Model  Components  Number of parameters parameters 
Model 1 Combined rain loss and one reservoir  5 L0, pcons, Tlag, K1, q 
Model 2 Combined rain loss and two reservoirs 5 L0, pcons, Tlag, K1, q 
Model 3 Combined rain loss and three reservoirs 7 L0, pcons, Tlag, K1, K3, P, q 
Model 4 Horton rain loss and one reservoir 6 P0, PC, k, Tlag, K1, q 
Model 5 Horton rain loss and two reservoirs 6 P0, PC, k, Tlag, K1, q 
Model 6 Horton rain loss and three reservoirs 8 P0, PC, k, Tlag, K1, K3, P, q 
2.2 Model objectives 
The most commonly used objective of minimizing SSE is used hereafter as a standard reference 
objective. It is often considered as an evaluation for the overall agreement of the shape of a 
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hydrograph (Madsen, 2000). In rainfall runoff modeling, it is widely observed that large model outputs 
(runoffs) accompany with relatively large model errors. Hence the minimization of SSE tends to place 
emphasis on large flows (Perrin et al., 2001). In order to study the impacts of different objective 
functions on model selection, objectives that place emphases on different parts of a hydrograph are 
studied. In addition to SSE, two more measures, i.e., SSE based on root values and based on 
squared values of runoffs are also employed to define calibration objectives. SSE based on root 
values is calculated by:  
    nk kk yySSE 1
2
root ˆ   (1) 
where kŷ  and ky  are simulated and observed runoffs. And SSE based on squared values is:  






square ˆ   (2) 
Apparently, in comparison to the standard SSE, SSEr based on root values tends to consider low 
flows as more important because by root transformation, differences between runoffs are smaller and 
as a result the emphasis placed on higher runoffs by standard SSE becomes less significant. Similarly, 
SSEs based on squared values puts even more weight on large values. 
2.3 Model selection criterion 
When comparing different model structures, simple comparison between model performances 
evaluated by SSE is not adequate because of the risk of model overfitting. A more complex model is 
usually preferred because it has more flexibility to adjust model behaviors in calibration. An 
appropriate model should therefore be a parsimonious model that is simple yet has powerful prediction 
capacity. In statistic literature, the most well-known criteria are the Akaike Information Criterion (AIC) 
(Akaike, 1973) grounded in the concept of information entropy. The AIC is based on asymptotic 
approximations on the condition of a large sample size. A corrected version called AICc (Sugiura, 
1978) is recommended when a data set used for model calibration is relatively small. This study 












where m is the number of model parameters, and )ˆ(L is the maximized likelihood function of the 
estimated model. Given a set of candidate models, the preferred model is the one with the minimum 
AICc value. According to Eq.(3), the AIC rewards model goodness-of-fit via the maximized likelihood 
and penalizes the lack of parsimony with the number of model parameters. By assuming that model 





















where i are model residuals of the fitted model (errors between simulated and observed values of 
transformed model outputs). 
3 RESULTS AND DISCUSSION 
The method is applied to the small urban catchment Chassieu, in the East of Lyon, France. It is mainly 
an industrial area that covers 185 ha. The imperviousness coefficient is around 0.72 and the runoff 
coefficient is around 0.4. The area is drained by a separate storm water sewer system. Rainfall time 
series is available with one-minute time step while runoff is recorded with a two-minute time step. 129 
events in total during the period 2007-2008 are identified with complete rainfall and runoff records. 
Each event is calibrated for the different model structures listed in Table 1 with different objectives. 
The DREAM scheme (Vrugt et al., 2008) which is an adapted Markov Chain Monte Carlo (MCMC) 
method is employed to search for the optimal parameters. An AICc preferred model structure is not 
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necessarily the same for different events due to possible changing conditions of the system. Generally 
all optimal models can somehow capture rainfall-runoff processes. The number of events that are 
preferred by each model structure according to AICc is displayed in Figure 1. When the calibration 
objective is to minimize the standard SSE, Model 3 is most preferred while Model 5 and Model 6 share 
slightly less proportions of selections. Model 3 has a simple rainfall loss model as Model 2. The third 
reservoir added based on Model 2 introduces two more parameters but they seem to be useful for 
better capturing information in data. When the calibration objective is to maximize SSEr, low flows are 
viewed as more important compared to standard SSE. Model 6 is most frequently selected and 
followed by Model 3. In this case, a third reservoir designed as a mild reservoir for better simulating 
hydrograph tails is surely favoured with the objective more biased to low flows. The Horton rainfall loss 
model is more preferred than the simple one in this case. On the contrary, the calibration with the 
objective to maximize the SSEs put even more emphasis on high flows. It is not surprising that the 
third reservoir is less liked by this objective from the selection results. Models 2 and 5 with two 
cascaded linear reservoirs are mostly favoured. Different highlights on a hydrograph by different 
calibration objectives are shown clearly by the simulation results of one event in Figure 2. 
 
 
Figure 1 Number of events preferred by different models with different calibration objectives 
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Figure 2 Hydrographs of one event calibrated by different objectives using Model 3 
 
4 CONCLUSIONS 
This paper studies the impact of modeling objectives on model selection results. A methodology is 
proposed to aid model selection in the context of hydrological modeling and is applied to a small urban 
catchment using an event-based modeling approach. The MCMC method is used for searching for the 
optimal parameters in calibration and the AICc is employed to identify the most appropriate model 
structure to a certain objective. Optimal parameters for different events are of temporal instability. The 
dynamics of model parameters indicates that the conceptual model has to adjust itself to different 
conditions of the catchment and hence no single set of parameters characterizes the catchment. Due 
to uncertainty in output measurements and simplification of model structures, a simulation cannot 
exactly redisplay observations. Different calibration objectives place emphases on different aspects of 
a hydrograph. A preferred model structure alters with a calibration objective according to AICc that 
balances model accuracy and complexity. Henceforth a calibration objective should be carefully 
chosen to reflect the aim of a modeling practice. 
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